The current proposal aims to investigate the mechanisms by which two steroids, pregnenolone (P5) and progesterone (P4) affect zebrafish embryo development. We showed that pregnenolone promoted cell migration, while progesterone was involved in cell patterning. We are also studying the effect of progesterone on embryo patterning by disrupting the gene involved in P4 biosynthesis, hsd3b2. Disruption of hsd3b2 resulted in embryo dorsalization by decreasing zebrafish bmp4 transcription. We identified a progesterone-responsive element located in the enhancer of hsd3b2, which could bind to progesterone receptor (Pgr) and mediate the effect of P4 in regulating bmp4 expression. Depletion of pgr resulted in the same dorsalization phenotype as hsd3b2 morphants. Thus, we showed that hsd3b2 is involved in the synthesis of P4, which activated bmp4 transcription during the early epiboly stage of embryogenesis, thus setting up Bmp4 gradient important for the development of ventral tissues. The studies described above should provide insights into the novel functions of P4 and P5 both in zebrafish embryogenesis and in the mammalian system. Microtubule dynamics and cell migration is very important in several cellular processes; and their disturbances have been described in many diseases. The elucidation of the mechanism by which small compounds like P5 regulate microtubule dynamics will be very important. The size of developing embryos is highly variable depending on genetic polymorphisms and environmental effects. Scaling of tissue pattern with size is required to ensure body plans of reproducible proportions. Xenopus embryos develop from different sized eggs that by early-/mid-gastrula are patterned along the dorsoventral axis by a BMP signaling gradient. This BMP signaling gradient requires adjustment according to size to ensure that tissues are scaled to keep the right relative size and position. Using mathematical modeling and experimental manipulation, we previously suggested that the dorsoventral BMP gradient is scaled through the activity of ADMP. A ventral, BMPlike, role has been attributed to ADMP although it is expressed in the dorsally localized, Spemann's organizer. We show by knock-down that ADMP is required during early gastrula for expansion of the organizer, preceding its ventral-like activity. In agreement with a dorsal function, organizer gene expression domains exhibit a requirement for ADMP and are reduced in morphant embryos. We also identified a dorsallylocalized receptor mediating the dorsal activity of ADMP within the organizer. By mid-gastrulation, ADMP exhibits a strong anti-organizer activity originating and restricted to regions flanking the organizer. This anti-organizer activity requires chordin and a different, laterallylocalized, receptor. ADMP shows higher compensatory expression in larger embryos in agreement with a scaling function as predicted by the computer model. Experimental size manipulation by dissection showed dynamic changes in ADMP expression. These results support novel, dorsal and scaling functions for ADMP, suggesting that it performs multiple and opposed roles during early gastrulation. We propose that ADMP has a very early dorsal function promoting the expansion of the organizer domain and subsequently, it prevents further expansion restricting organizer size. These opposed ADMP activities scale the organizer domain, modifying the amount of BMP antagonists secreted from it, scaling the BMP gradient with embryo size. The two major neuronal types in the mammalian cortex are the excitatory projection neurons and the inhibitory interneurons (INs). The projection neurons are generated in the dorsal telencephalon (dTel) and migrate to their destination by radial migration. The GABAergic interneurons are primarily generated in the medial ganglionic eminence (MGE) of ventral telencephalon (vTel) and enter the cortex by tangential migration. Here, using a panel of IN markers, we demonstrate that although the IN density is consistent in different regions in the cortex, the IN distribution patterns are different in the six-layered neocortex and in the three-layered piriform cortex. To study how IN distribution is regulated, we used Lhx2 conditional knockout (cKO) mice, in which Lhx2 is deleted by Emx1-Cre, as a model. In Lhx2 cKO cortices, the lateral neocortex is refated to generate an ectopic piriform cortex. We found in the ectopic piriform cortex, the density of INs is similar to that in the wild type cortex and the distribution of INs is similar to that in the PC in the wild type littermates. This findings suggest that the fate of projection neurons regulates the distribution of the INs. Formation of the complex and symmetrical arrangements of plant organs seen in nature (phyllotaxis) involves the creation of periodic cell polarity patterns that act to concentrate the plant hormone auxin at organ initiation sites, via the polarly localized auxin efflux carrier, PIN1. However the molecular mechanisms orienting these polarities have remained unclear.
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Our recent work reveals that within the Arabidopsis shoot meristem, auxin feeds back on the direction of its transport via the auxin response transcription factor MONOPTREOS (MP). By perturbing MP activity both globally and locally we show that localized MP activity is necessary for the generation of PIN1 convergence patterns and that localized MP expression is sufficient to orient PIN1 polarity towards MP expressing cells non-cell autonomously. By restricting MP to the epidermis of mp mutants we also show that although MP activity in a single cell layer is sufficient to generate periodic polarity patterns, MP is required in sub-epidermal tissues to stabilize these patterns with respect to the underlying cells. Overall our findings reveal a patterning mechanism in plants that involves feedback between the intercellular transport of a morphogen and its downstream transcriptional targets. Feather bud development is regulated through epithelial-mesenchymal interactions that sequentially induce the periodic pattern formation on skin. In general, these patterns can be generated by Turing's reaction diffusion models with the specified initial conditions determining the order of multi-bud formation as a first bud row forms on the genetically defined midline. We have recently developed an in vitro culture method to reconstitute a bioengineered skin from dissociated epidermal and dermal cells and successfully generated multiple feather buds on the skins (Development Growth & Differentiation, 2016) . On the bioengineered skins, the genetic map, locating such the midline, is presumably eliminated after the reconstitution process and then the initial conditions for their simulations are intuitively small fluctuations, expecting the probability for bud formation is distributed uniformly through the entire skin. Here we investigated the locations of self-forming feather buds on a limited field, near 1D, in our reconstituted skin at an interface between epidermal and dermal cell aggregates. Especially, we focused on the spatio-temporal order of the bud formation on near 1D skins, where only two or three buds can form in a row. The results show that the preferential bud formation sites were 248 ± 17 μm from each skin edge independent of the skin length. However, the formation of the 3rd bud between the first two edge-buds was strongly under the influence of these buds. To examine our experimental results, numerical simulations based on a standard activator/inhibitor reaction diffusion model were performed and the results indicate the crucial role of boundary conditions and the need for an addition equation of cell density containing chemotaxis for the cellular aggregation. For proper regeneration to occur, newly generated cells must adopt the correct identities and positions to replace exactly what is missing. This process, referred to as patterning, is likely orchestrated by precisely timed and coordinated instructive cues. How cell-cell signaling consistently and faithfully organizes new tissue into a replica of the old remains incompletely understood. Given their remarkable regenerative ability and simple body plan, planarians serve as ideal organisms to study patterning. Here we examine patterning along the anterior-posterior (AP) axis of the planarian Schmidtea mediterranea. We focus on clusters of cells at the tip of the head and tail, respectively termed anterior and posterior poles, that are defined by the expression of Wnt signaling genes (e.g. notum in the anterior pole and wnt1 in the posterior pole) and genes encoding transcription factors (e.g. foxD in the anterior pole and pitx in the posterior pole). Using bulk and single-cell RNA sequencing of head and tail fragments containing the anterior and posterior poles, we identified many new pole genes encoding secreted proteins, transmembrane proteins, and transcription factors. Among these was nuclear receptor subfamily 4A (nr4A), which is expressed specifically in planarian muscle cells. RNAi of nr4A in intact worms resulted in posterior expansion of head tissue identities (e.g. ectopic posterior eyes) and anterior expansion of tail tissue identities (anteriorly shifted wnt1 domain). RNA sequencing and histological studies of RNAi worms indicated that nr4A regulates head and tail patterning by regulating the expression of many muscle-specific genes and maintaining muscle fiber integrity of the planarian head tips. To our knowledge, this is the first gene of its kind with expression gradients at both ends of the animal and with patterning functions in both the head and the tail. Body axes, including anterior-posterior body axis and dorsalventral body axis, are formed during vertebrate early embryogenesis. According to the earlier studies, two signaling pathways including Wnt signaling pathway and BMP signaling pathway are involved in controlling these body axes formation.
Myc (v-myc avian myelocytomatosis viral oncogene) is a transcription factor and is involved in regulating many cell functions including cell proliferation or cell cycle progression. In the previous study, Dawid 's lab (2008) has found that in zebrafish, the mych (myc homolog) gene play an important role in controlling early neuron precursor cell development that are related to anterior-posterior body axis formation. However, the detail mechanism of how mych regulates the body asymmetry is still not fully analyzed. In the present study, we have found a different 5'-UTR sequence of mych which is zygotically expressed and its function may be different to the previous study. By using microinjection of mych mRNA which contains new 5'-UTR we found that mych may play important roles in body axis formation during zebrafish early embryonic development. In addition, together with the loss of function study by antisense morpholino injection and the signaling pathways specific reporter assays. We found that this mych which contains new 5'-UTR is involved in body axis formation of during zebrafish early embryonic development.
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